The removal and recovery of precious noble metals is noteworthy in a variety of applications. The need to recover these precious metals is associated with their high cost and other environmental impacts. The Nobel Prize conferred to Suzuki, Heck and Negishi in 2010 has underlined the remarkable significance of palladium as a catalyst in several important transformations. Palladium is one such platinum group noble metal that finds diverse applications in the automobile industry, electronics, jewelry, pharmaceutics, catalysis, etc. Therefore, the recovery of palladium has acquired importance. Methods such as liquidliquid extraction and adsorption using biopolymers, polymeric resins, carbonaceous materials and silica based materials are discussed based on their removal efficiency, adsorption capacities, regeneration and other parameters. The review looks at a perspective based on the applicability of certain important adsorbents employed in recent years pertaining to the removal of palladium from aqueous solution, spent catalysts and industrial wastes.
Introduction
Noble metals such as palladium, platinum and rhodium are recognized for their prospective applications because of their diverse physical and chemical properties.
1 Palladium is one among them which is used comprehensively in pharmaceutics, jewelry and electronics and as an excellent catalyst to promote several organic transformations. [2] [3] [4] The facts available also indicate that palladium can go through plant roots and ultimately penetrate the food chain. 5 The scarcities of precious metals and rapid industrial development have seen the emergence of several new techniques for recovering this valuable metal. [6] [7] [8] A broad series of biosorbents and non-conventional adsorbents have gained marked attention for their ability to remove heavy metals from wastewater. 9 Methods such as ionexchange, solvent extraction, coagulation, photocatalytic degradation, membrane separation and adsorption are known for their efficiency in the removal and recovery of heavy metals. [10] [11] [12] Adsorption is well-known for its signicance towards the recovery of platinum group metals (PGM's) at very low concentrations with high efficacy. 13, 14 This review presents an outlook on the removal ( Fig. 1 ) and recovery techniques for
Shivani
Sharma obtained her M.Sc Chemistry from Himachal Pradesh University, Shimla, India and M.Phil(Chemistry) from Shoolini University, Solan, India. She completed her Ph.D. at Birla Institute of Technology and Science (BITS Pilani), Hyderabad campus, India in 2017 relating to the removal and recovery of precious palladium from spent catalysts using diverse adsorbent materials. Her research interests focus on separation techniques and analytical method development and validation.
A. Santhana Krishna Kumar obtained his Ph.D. from Birla Institute of Technology and Science (BITS Pilani), Hyderabad campus, India in 2014. He has studied the application of variety of adsorbent materials involving biopolymer-clay and ionic liquid interactions for the detoxication of chromium and mercury. Currently, he is a post doc at National Sun Yat Sen University, Taiwan. His research interests focus on the development of suitably customized adsorbents for heavy metal removal from industrial effluents. palladium and its future perspectives. Techniques such as liquid-liquid extraction and solid phase extraction using biopolymers, polymeric resins, carbonaceous materials and silica based materials are compared with regard to their removal efficiency, regeneration, adsorption capacity and other characteristics. The recovery of palladium from spent catalyst and liquid waste is also discussed in this review. Considering the merits and demerits associated with various methods, the way forward towards devising improved methodologies is also suggested from a greener perspective.
Palladium chemistry
The occurrence of palladium in the Earth's crust is around 1 to 10 parts per trillion. Palladium with atomic number 46 is positioned in Group 10 (VIII B) of the periodic table. It is a so silvery-white metal bearing resemblance to platinum. With a low density (11.9 g cm À3 at 20 C), it has the lowest melting point (1555 C) among the platinum group metals. It is so and ductile when annealed and appreciably increases its toughness when cooled. Palladium dissolves slowly in concentrated HNO 3 , H 2 SO 4 and HCl.
15
Palladium exists in its common oxidation states as 0, +2 and +4. Palladium is a so acid and forms relatively strong complexes with so bases/ligands having sulfur donor atoms.
16,17
At normal temperatures, palladium would not react with oxygen and hence does not tarnish in air. However, at 800 C, a layer of palladium(II) oxide is formed, which tarnishes in moist atmosphere containing sulfur.
18
In many palladium catalyzed reactions, palladium(II) chloride is the major starting material. It is used for preparing heterogeneous catalysts such as Pd/BaSO 4 , Pd/C and PdCl 2 /C.
19
With triphenylphosphine (P(C 6 H 5 ) 3 ), palladium forms bis(-triphenylphosphine)palladium(II) dichloride, which serves as a very useful and important catalyst. Reduction of bis(triphenylphosphine)palladium(II) dichloride with hydrazine and phosphine gives tetrakis(-triphenylphosphine)palladium(0). chloride ion concentration and higher, the predominant species in solution is PdCl 4 2À . 23 The stability constant values of these complexes are known 24 through the following equations:
From the values of stability constant, it is understood that the most stable form for Pd(II) ion in hydrochloric acid medium is [PdCl 4 ] 2À .
Toxicity of palladium
Palladium has relatively lower toxicity as compared to other heavy metals and is weakly absorbed by human body if ingested. Some plants such as water hyacinth are known to be affected by quite low concentrations of palladium salts. However, other plants can endure it, even though tests indicate that when the levels are higher than 0.0003%, their growth is inhibited. Higher dosage of palladium could be detrimental and tests on rodents recommend that it can be carcinogenic. Nevertheless, there is no direct conrmation that palladium could have any adverse effects in human body. 25 However, if appropriate procedures for recovery are not developed, it could lead to the accretion in the environment and transported through roots of plants and thereby nally enter the food chain. 
Applications of palladium
The Nobel Prize jointly awarded to Heck, Suzuki and Negishi in 2010 has brought more attention to explore and understand the potential applications of palladium. 26 Palladium nds extensive utility in industrial technologies and research laboratories due to its specic physicochemical properties such as high resistance to acids, heat and corrosion. 27, 28 The demand for palladium is ever increasing especially in catalysis, electronics industries (printed circuit boards), and alloying component and as a whitening agent in jewelry. 2, 3, 29, 30 Palladium is also used in surge-resistor networks that protect telecommunications equipment from damage due to high voltage. The catalytic properties of platinum group metals are utilized in developing automotive emission control catalysts. Palladium nanostructures and Pd(II) complexes have gained interest in the last decade in a number of applications including catalysis, medicines (prostate cancer, choroidal melanoma brachytherapy) and electrical equipments. [31] [32] [33] [34] The collective catalytic properties of PGM's are very signicant in automotive exhaust catalysts.
35,36

Methods for separation and recovery of palladium
The typical analytical methods involve pretreatment methods (alkaline fusion, ashing, wet digestion, microwave-assisted decomposition) followed by procient enrichment and separation from complex interferences and instrumental analysis of the target analyte.
37
Several methods are in vogue to remove palladium from aqueous solutions, industrial effluents, high level waste etc. Common methods include solvent extraction, membrane separation, ion exchange, reverse osmosis, precipitation and adsorption. [38] [39] [40] [41] [42] [43] [44] Each of these has its own advantages and disadvantages.
Liquid-liquid extraction technique has long been recognized in analytical chemistry and many extractants have been explored for the separation of platinum group metals. Recovery of Pd(II), Au(III) and Pt(IV) using ionic liquid Aliquat-336 (ref. 45 and particular thiodiglycolamide derivatives 51, 52 have also been proposed for the extraction of palladium. Reddy et al. have reported the solvent extraction technique to separate and recover Pd and Pt from leach liquid of the spent automobile catalyst using LIX 84I (2-hydroxy-5-nonylacetophenone oxime) and Alamine 336 (tertiary amine of mixed tri-octyl/decyl amine) extractants. Leach solution used in this method contained impurities such as Fe, Cr, Mn, and Ni in 3.0 mol L À1 HCl along with Pd and Pt ions. 53 The separation of Pt and Pd from chloride solution using Alamine 300 (tri-n-octyl amine) as an extractant was studied using solvent extraction and the selective stripping was procient with sodium thiocyanate and sodium thiosulfate for Pt and Pd respectively. 54 The use of toxic solvents as diluents and low preconcentration factors limits the application of solvent extraction. A more efficient choice to recover palladium is solid phase extraction and adsorption is best suited to recover platinum group metals at low concentrations. 13 Adsorption is also quite economical and more effective than the solvent extraction methods.
The commonly employed analytical techniques for palladium include inductively coupled plasma atomic emission spectrometry (ICP-AES), inductively coupled plasma mass spectrometry (ICP-MS), atomic absorption spectrophotometry and UV-visible spectrophotometry.
Solid phase extraction
Solid Phase Extraction (SPE) is an efficient separation method for the preconcentration of trace elements and their separation from various sample matrices. 55, 56 It involves the distribution of the analyte between the liquid sample and the solid matrix by adsorption on the surface. SPE consists of two components (a) an inert solid support and (b) a complexing agent impregnated on the solid support. The characteristic of the complexing agent is quite important to decide the selectivity towards a specic metal ion and the solid support dictates the properties such as adsorption capacity, chemical stability and mechanical strength. The method has advantages over other methods in terms of good analyte recovery, higher sample volume treatment, facile adsorption and desorption mechanism, regenerability and clean up procedure. 57 Biopolymers, resins and carbon based materials as supports can be customized to extract the precious metals effectively from complex matrices. However, when the above adsorbents are chemically modied it yields a higher analyte retention efficiency as well as selectivity towards a desired metal ion. Some representative adsorbent materials and their specic functional groups are given in Fig. 2 . These materials involve different mechanisms in the interaction with palladium(II). The probable interaction mechanisms involved in the recovery and regeneration of palladium is given in Fig. 3 .
5.1.1 Biopolymers. In recent years, biopolymers have gained prominence for adsorption of heavy metal ions due to their low cost, eco-friendly nature, biodegradability and biocompatibility. 58, 59 Among the biopolymers, cellulose (a polysaccharide with the formula (C 6 60,61 These biopolymers represent an attractive alternative to other biomaterials due to their physico-chemical characteristics, high reactivity, chemical stability, good chelation behavior and higher selectivity towards heavy metals. Natural chitosan was customized (either physically or chemically) with the aim of enhancing the sequestration of heavy metals. Cellulose and chitosan as such have lower adsorption capacity due to the unavailability of effective binding adsorption sites. Modication (functionalization, graing, impregnation etc.) of these biopolymers yield desirable properties such as higher adsorption capacity, distribution coefficient, fast sorption kinetics etc. Cross linkers such as ethylenediamine 62 and epichlorohydrin 63 are used to modify chitosan for the removal of metal ions. Cross-linked chitosan modied chemically with L-lysine was used to examine the adsorption of Au(III), Pt(IV) and Pd(II) from aqueous solutions.
64
The maximum adsorption capacity for Pd(II) was found to be 109 mg g À1 and thiourea-HCl mixture was used to regenerate the adsorbent. The selectivity for a particular metal ion depends on the nature of complexing agent and the biopolymer. Glutaraldehyde was used for crosslinking chitosan through imine linkage between aldehyde groups of the crosslinker and amine groups of chitosan and this modied sorbent was checked for palladium recovery in acidic medium. 65 Pd(II) adsorption onto cross-linked chitosan modied using glycine was also studied, wherein ethyleneglycoldiglycidylether was used to cross-link chitosan biopolymer. 66 Cross-linking of chitosan with ethylenediaminetetracetic acid 67 is also very effective for the adsorption of metal ions. Thiourea tailored chitosan microspheres were well efficient to adsorb Pd(II) from aqueous solution. 68 The adsorption equilibrium was well described by Langmuir adsorption capacity of 112.4 mg g À1 and the adsorbent was stable up to 5 cycles using EDTA-H 2 SO 4 mixture. Ethylenediamine tailored magnetic chitosan nanoparticle was examined to adsorb palladium(II) and platinum(IV) from aqueous solutions. 69 Glutaraldehyde cross-linked chitosan/ montmorillonite (CCTS-M) membrane was utilized in the removal of Pd(II) from aqueous solutions. The maximum capacity of the membrane at pH 2 was as high as 193 mg g À1 .
70
The adsorption characteristics of diethylaminoethylcellulose sorbent prepared by crosslinking glutaraldehyde using thiourea for the recovery of platinum Pt(IV) and palladium Pd(II) ions from leaching solutions was reported.
71 Aliquat-336 (ionic liquid) impregnated onto chitosan was prepared and studied for the adsorption behavior of Pd(II). The efficiency of adsorption was observed between pH 3.5-4.0 with a maximum monolayer adsorption capacity of 187.61 mg g À1 .
72
A genetically engineered protein involving palladium binding peptides and cellulose binding domains in Escherichia coli showed good potential for palladium recovery. The recovery of palladium was observed over a wide pH with high efficiency. The maximum adsorption capacity of cellulose binding domain was found to be 175.44 mg g À1 . 73 Sulfur containing ligands were impregnated with biopolymers to study the adsorption of palladium. Sonication ensures a fast and green alternative to prepare the adsorbent and in this regard, 2-mercaptobenzothiazole impregnated cellulose was studied to adsorb palladium effectively. Thiourea was used to regenerate and reuse the adsorbent for 4 cycles and the adsorbent was quite effective to recover palladium from a catalyst. 74 2-Mercaptobenzimidazole impregnated chitosan was also studied for palladium adsorption. The classication of Pd 2+ as a so acid makes it able to bind with sulfur and nitrogen donor atoms present in the ligand to form a stable metal chelate through secondary hostguest interaction. Here, the adsorbent was regenerated and reused for 3 cycles using thiourea. 75 Thiourea, being a sulfur containing ligand complexes effectively with palladium giving a yellow color in the aqueous medium aer regeneration.
b-Cyclodextrin, which is a cyclic torus-shaped oligosaccharide comprised of seven (a-1,4-linked-glucopyranose units) with a lipophilic exterior and an internal hydrophobic cavity is found to be suitable for inclusion and binding of guest compounds. 76, 77 Due to the internal hydrophobic cavity, these macromolecules (CDs) with wide and narrow openings having the secondary and primary hydroxyl groups can encapsulate a large variety of compounds. 78 This feature was explored in the eld of catalysis, pharmaceutics, cosmetics, food, textile industries and environmental remediation. 78 The interest in modifying chitosan by use of glutaraldehyde has recently increased. Chitosan graed b-CD was examined for the selective adsorption in cleaning up industrial effluents 79 and removal of undesirable food contents. 80 Cyclodextrin graed chitosan was recently proven to be very effective resulting in a high adsorption capacity of 202 mg g À1 for palladium. The adsorbent showed good potential to recovery palladium from a simulated high level liquid waste in the presence of diverse ionic constituents. 81 Regeneration of the adsorbent was accomplished using thiourea. Other than biopolymers, carbonaceous supports also yield good adsorption capacities for adsorbing heavy metals.
Carbon based materials.
Novel adsorbents belonging to carbon family such as activated carbon, carbon nanotubes, graphite and graphene oxide have attained substantial prominence in heavy metal remediation.
82 Graphene-a carbon based material has gained tremendous research interest for its prospective applications since its discovery in view of its high tensile strength and surface area coupled with distinct electrical and thermal conductivity. 83, 84 Graphene oxide (GO), a derivative of graphene, ensuing from the exfoliation of graphite, bears the oxygen containing functionalities like epoxy, hydroxyl and carboxyl groups 85 and has a layered structure which makes it appropriate as an adsorbent, showing high adsorption efficiency for various metal ions.
86 GO is also known for its utility in other applications such as sensors and catalysts. 87 Graphene oxide also nds utility in diverse environmental applications. 88, 89 Graphene oxide functionalized with aminothiophenol and its covalent bonded interaction to the palladium nanoparticles through sulfur atom was studied. Here, the GO-aminothiophenol-Pd was electrochemically reduced to graphene oxide. 90 Chitosan/graphene oxide composites were also used as an adsorbent for the enhanced adsorption of Au(III) and Pd(II).
91
Activated carbon and biopolymer modied activated carbon were reported for palladium and platinum removal. Here, activated carbon showed an adsorption capacity of 35.7 mg g À1 (palladium) and 45.5 mg g À1 (platinum), whereas the adsorption capacity using bio-polymer modied activated carbon was enhanced to 43.5 mg g À1 (palladium) and 52.6 mg g À1 (platinum). 92 The adsorption of Au(III), Pd(II), and Pt(IV) onto native GO was studied 93 with an adsorption capacity of Pd(II) as 80.7 mg g À1 . Nevertheless, to enhance the adsorption characteristics, it is essential to modify the native GO suitably. Tetraoctylammonium bromide (TOABr), a frozen ionic liquid impregnated onto graphene oxide was studied to effectively adsorb palladium with a maximum monolayer Langmuir adsorption capacity of 92.67 mg g
À1
. The cationic-p, charge interaction and electrostatic interaction were involved in the interaction mechanism. The laboratory scale column studies indicated that the method could be scaled up to larger sample volume and thiourea-HCl mixture was effective to recover palladium. The adsorbent had the potential to recover palladium in the presence of complex ions and spent catalyst. Macroporous resins were rst developed in the 1960s and due to their polymeric matrix they are capable of enhancing the adsorption capacity and ease of accessing chelating sites for a range of metal ions. 95, 96 They are basically based on polystyrene-divinyl benzene (PSDVB) and polyacrylatedivinylbenzene (PADVB) copolymers. The most widespread kind of macroporous resin is styrene and divinylbenzene copolymer, which may be found as 'polystyrene-divinylbenzene copolymer'. Amberlite XAD resin series gied with a polystyrene divinyl benzene matrix act as an effective support to anchor coordinating ligands due to their properties such as high surface area, porosity and higher physical and chemical stability. 55, 95 The native form of the resin does not possess any functional group fundamentally and therefore appropriate modication is needed in order to generate suitable sites which in turn would increase the interaction with metal ions. Polystyrenedivinylbenzene resins and polyacrylate-divinylbenzene resins have their own nature among which the former ones are nonpolar and hence hydrophobic, whereas the later ones are moderately polar and thus hydrophilic. In general Amberlite and Dowex based polymeric resins have surface areas close to 1000 m 2 g À1 . Also, the hyper crosslinked network has a low packing density with larger free volume and a more coherent inner surface.
97
The hypercrosslinked resins consist of oxygen and chlorine containing functional groups, which are by-product residues of the crosslinking reaction. The polar functional groups on the surface of polystyrene-divinylbenzene copolymers give an enhancement of hydrophilicity and favour the adsorption of polar sorbates. 98 Amberlite XAD resins (XAD-2, XAD-4, XAD-7, XAD-16, XAD-1180 and XAD-2000) are very useful for the removal of metals and its complexes. 55 These resins possess surface area as high as 300-800 m 2 g À1 with pore volume and average pore diameter between 0.9-1.5 cm 2 g À1 and 4-9 nm respectively. The usefulness of Amberlite XAD resins for the removal of metal ions was extensively reviewed by Ahmad et al. 99 Mladenova et al. 100 have reviewed the utility of diverse adsorbents to recover precious metal ions such as palladium(II), gold(III) and platinum(IV). Amberlyst-A 29 and Amberlyst-A 21 anion exchange resins were studied to adsorb palladium as its chloro-complex from acidic medium. 101 Likewise, Amberlite XAD-7 customized with dimethylglyoxal bis-(4-phenyl-3-thiosemicarbazone) and glyoxal dithiosemicarbazone 102 also show good ability to adsorb palladium. Functionalization of Amberlite XAD-16 using 2-acetyl pyridine was explored to recover palladium from high level liquid waste.
103 Melamine-formaldehyde-thiourea, a chelating resin was used in the adsorption and separation of palladium(II). The adsorption capacity of the resin was found to be 15.29 mg g À1 at pH 4.0. 104 Adsorption of palladium and platinum using polyamine functionalized polystyrene beads and nanobers was investigated and recovery was done using 3% thiourea solution with quantitative efficiency of desorption under the optimized conditions. . 106 2-Mercaptobenzothiazole attached onto an amine functionalized macroreticular Amberlite XAD-1180 resin was studied to adsorb palladium with a monolayer adsorption capacity of 50 mg g
À1
. Regeneration of the resin adsorbent was done with thiourea and the scheme was checked in recovering palladium from a spent catalyst having 5% Pd on activated carbon. 108 Silica and alumina have been studied for sequestering metal ions. 109, 110 These mesoporous materials are endowed with relatively low cost, good thermal, mechanical stability and higher catalytic performance.
110,111
Mesoporous silica such as SBA-15 (Santa Barbara Amorphous) has evinced more attention in recent years in view of their higher pore volumes, huge surface area and tunable pore size. 111 The distinct advantage of SBA-15 above other mesoporous materials such as MCM-48 and MCM-41 is that the pore walls of silica are thicker in SBA-15 which offers greater thermal stability.
111,112
In this context, N-propylsalicylaldiminofunctionalized SBA-15 was utilized as an adsorbent for the adsorption of Co 2+ , Ni 2+ , Cu 2+ , and Zn 2+ . 113 The mesoporous materials have more potential for the removal of metals due to the presence of relatively many surface hydroxyl groups, thereby resulting in high adsorption capacities. 114 Adsorption of trace quantities of palladium and gold ions from real samples using surface-modied MCM-48 and MCM-41 have been investigated. 117 Functionalized silica based mesoscale adsorbent was tested to recover palladium(II) efficiently from wastewater. 118 An efficient, reusable and selective chelating resin, diphenyldiketone monothiosemicarbazone tailored silica gel was applied for the online separation and preconcentration of palladium ions in spiked tap water samples and catalytic converter. 119 A novel macrocyclic ligand functionalized silica adsorbent shows good adsorption and selectivity towards Pd(II) in HNO 3 media. Selective recovery of Pd(II) from simulated high level liquid waste of a light water reactor was performed with obtained recovery rate of more than 90%. Mechanism regarding the complexation between the macrocyclic ligand and Pd(II) was discussed and the maximum monolayer adsorption capacity was 83.0 mg g À1 . 120 Sabermahani et al. have reported the coating of polyethyleneimine (PEI) onto alumina and used it as an adsorbent for preconcentration and separation of palladium. The sorption capacity was found to be 13 mg g À1 at an optimized pH of 6.0 and thiourea-HCl solution was used to effectively elute adsorbed palladium from the adsorbent surface.
121
Alumina loaded with 5-bromo-2-pyridylazo-5-(diethylamino) phenol (5-Br-PADAP) was used for the removal of Ni(II) and Pd(II) from surface water. The obtained sorption capacities for 1.0 g sorbent at pH 6.0 were 6.0 mg Ni(II) and 11.0 mg Pd(II) respectively. 122 Aliquat-336, an ionic liquid impregnated onto SBA-15 (Santa Barbara Amorphous) was investigated for the adsorption of palladium with a monolayer adsorption capacity of 212.76 mg g À1 and the adsorbent was regenerated using thiourea. The primary interaction involves the charge interaction of silanol groups (Si-OH) in SBA-15 with the positively charged quaternary ammonium cation of Aliquat-336. Aer adsorption, the tetrachloropalladate species favors ion-pair interaction with the adsorbent surface (IL@SBA-15). The effective interaction mechanism is given in Fig. 4 . The continuous sorption ow studies were conducted and column efficiency was assessed using Thomas model giving an adsorption capacity of 453.89 mg g À1 and 376.38 mg g À1 at corresponding ow rates of 4 and 6 mL min À1 . In addition, the method was tested to adsorb palladium recovered from a spent catalyst (5% Pd on activated carbon).
123
More recently, amine-functionalized alumina nanopowder as an adsorbent gave a high adsorption capacity of 97.7 mg g À1 for palladium. This aminefunctionalized sorbent was also further tested for the catalytic reduction of 4-nitrophenol and Cr(VI) and hydrogen generation from ammonia borane. Desorption of palladium was found to be effective with a 9 mL volume of 0.2 mol L À1 thiourea. 124 
Conclusions and future perspectives
The foregoing treatise on the removal and recovery of palladium exemplies the properties such as adsorption capacity (Table 1) , reusability and removal efficiency. Solid phase extraction offers certain merits over other methods in terms of treatment of higher sample volume, good analyte recovery and facile regeneration of the adsorbent. Further, it is very important to decide the selectivity of adsorbent towards the recovery of a specic metal ion. Biopolymers, polymeric resins, carbonaceous materials and silica based materials as supports can be customized or modied to extract the precious metals effectively from a complex matrix and thus yielding higher analyte retention efficacy. Incorporating nitrogen and phosphonium based ionic liquids in the above solid matrices could enhance the adsorption of palladium from chloride medium through effective electrostatic interactions. Likewise, carbon nanotubes and graphene oxide can also be modied with ionic liquids and explored for palladium recovery. The immobilization of suitably cultured microorganisms in solid supports such as resins, cellulose and silica/alumina is another prospective green option to recover palladium from spent catalysts and high level waste. Recovery of palladium from spent catalysts and liquid waste are noteworthy in practical applications. In any adsorption process, regeneration is an important parameter and reusability of adsorbents using cost-effective desorbing reagents also plays a vital role. Adsorbent preparation using green methods such as microwave assisted and ultrasonication techniques should be explored as economically viable options 55 to the conventional methods of adsorbent preparation which take more time.
The way forward should also emphasize that the novel adsorbents possess faster kinetics, high adsorption capacity, thermodynamic feasibility and regenerability for several cycles. 55 On an industrial scale, the methods should be more effective to treat higher sample volumes. The involvement of the adsorbents should also serve its usefulness to recover palladium from electronic components (printed circuit boards) as well as high level nuclear waste containing palladium as the ssion product. In conclusion, the road ahead offers abundant scope towards the development of novel and greener adsorbents for the recovery of palladium from diverse matrices.
